Genetic factors contribute to the high interindividual variability in type and/or intensity of the behavioral, neuroendocrine, and physiological stress responses observed in various species, including humans and laboratory rats (Boissy 1995; Clément et al. 1997; Cools et al. 1990; Curé and Rolinat 1992; Prasad et al. 1996; Spanagel et al. 1995; Tesser 1993; Zuckerman 1993) . This fact has been used as the basis for selective bidirectional breeding programs from which strains and lines differing in their behavioral and/or neuroendocrine reFrom the Max Planck Institute of Psychiatry, Munich, Germany. Address correspondence to: Dr. R. Landgraf, Max Planck Institute of Psychiatry, Kraepelinstr. 2, 80804 Munich, Germany.
Two Wistar rat lines, selectively bred for high-anxietyrelated behavior (HAB) and low-anxiety-related behavior (LAB) in the elevated plus-maze test, were tested for the susceptibility of their behavioral characteristics to anxiolytic treatment and for their endocrine and physiological reactivity to different stressors. Injection of 1mg/kg diazepam failed to affect line differences in coping strategy but resulted in a marked
Genetic factors contribute to the high interindividual variability in type and/or intensity of the behavioral, neuroendocrine, and physiological stress responses observed in various species, including humans and laboratory rats (Boissy 1995; Clément et al. 1997; Cools et al. 1990; Curé and Rolinat 1992; Prasad et al. 1996; Spanagel et al. 1995; Tesser 1993; Zuckerman 1993) . This fact has been used as the basis for selective bidirectional breeding programs from which strains and lines differing in their behavioral and/or neuroendocrine re-sponses to environmental challenges have emerged (Brush 1991; Castanon and Mormède 1994; Cools et al. 1993; Gentsch et al. 1988; Walker et al. 1992) . Recently, we reported the establishment of two Wistar rat lines selectively bred for differing behavioral performances in the elevated plus-maze test, now termed high-anxiety-related behavior (HAB) and low-anxiety-related behavior (LAB) lines, respectively ). This animal model of inborn anxiety provides the advantage of avoiding conditioned stimuli that by themselves are likely to trigger behavioral, neuroendocrine, and physiological alterations. Interestingly, the HAB and LAB animals also prefer different coping strategies in a forced swim test ), pointing toward a link between anxiety and coping with stressful situations.
The elevated plus-maze test is based on the creation of a conflict between the exploratory drive of a rat and its innate fear of open, exposed areas. It is one of the most widely used nonconditioned animal models of anxiety and has been extensively validated pharmacologically and ethologically (Dawson and Tricklebank 1995; Pellow 1986; Pich et al. 1993 ). However, various clinically effective anxiolytic substances often yield contradictory results when administered to "normal" unstressed rats in this test (Griebel 1995; Rodgers et al. 1997) , indicating that-in parallel to the situation in humans (Green and Hodges 1991; Lader 1991 )-the efficacy of an anxiolytic may depend upon the animal's basal level of anxiety. To test this prediction and to characterize further our breeding lines, in the first experiment, male rats from the HAB and LAB lines were injected with a classical anxiolytic, diazepam, and submitted to a plus-maze test and a forced swim test to assess the effects on anxiety-related and stress-coping behavior in the two lines. The forced swim test was initially developed by Porsolt et al. (1977) for the screening of antidepressant drugs. In general, it has been hypothesized that a longer time spent struggling in this inescapable situation reflects an active stress coping strategy; whereas, longer floating (immobility) scores correspond to rather passive coping (Armario et al. 1988; Martí and Armario 1993) . In naive rats from the HAB and LAB lines, a correlation between the level of plus-maze anxiety and coping behavior in a forced swim test has been demonstrated, the HAB rats spending more time in an immobile position than the LAB animals that, in contrast to the HAB rats, change their behavior on the second testing day ). We were interested whether an anxiolytic would exert differential effects on anxiety and coping strategy in HAB and LAB rats.
An animal's response to environmental challenges involves physiological, neuroendocrine, and behavioral reactions, all of which are interrelated in a complex manner. A correlation between the type of behavioral stress response; namely, an active coping strategy (often associated with low emotionality) or a passive coping strategy (coupled with high emotionality), and the degree of neuroendocrine reactivity has been demonstrated in many studies (Bohus et al. 1987; Castanon and Mormède 1994; Cools et al. 1993; Gentsch et al. 1988; Walker et al. 1992) . Tests of neuroendocrine reactivity have focused predominantly on the hypothalamopituitary-adrenocortical (HPA) axis, the activity of which not only reflects the stress response of the organism, but may also be dysregulated in, for example, socially stressed (subordinate) rats (Blanchard et al. 1995; Mormède et al. 1990 ) and patients suffering from depression and anxiety disorders (Holsboer et al. 1987; Tyrer 1992 ). However, some researchers have reported behavioral stress reactions/emotionality to be independent of an activation of the HPA system (Abel 1991; Brush 1991; Courvoisier et al. 1996; Pich et al. 1993) . Taking this complex and somewhat confusing background into consideration, this study was designed to characterize the HAB and LAB rat lines further with regard to neuroendocrine and physiological parameters that could be associated with (or even be causally linked to) the contrasting behavioral performance of the two lines in tests of anxiety and stress coping. Therefore, to elucidate the context between innate levels of anxiety and physiological changes and reactivity of the HPA system to various stressful events, we implanted rats from both lines with either a small radiotelemetry transmitter or chronic catheters in the jugular vein to be able to monitor body temperature, locomotor activity, food and water intake simultaneously or to draw blood samples from freely moving animals without disturbing them. The rats were submitted either to a 5-min plus-maze test and a 10-min social defeat test (Experiment 2) or to a 5-min plus-maze exposure, a 90-sec forced swim session, and an intravenous (IV) injection of CRH with plasma ACTH and corticosterone levels being assessed before and at several time points after each stressor (Experiment 3).
METHODS

Animals
In 1993, Wistar rats obtained from a commercial supplier (Charles River, Sulzfeld, Germany) were selected using the results from an elevated plus-maze test and mated to establish the lines now termed HAB and LAB . Three pairs per line were used to start the F1 generation. The rats were bred and kept in the animal facility of our institute under controlled laboratory conditions (12-h light-dark cycle with lights on at 6:00 A . M ., tap water and standard rat chow ad libitum). At the age of 10 weeks, the offspring from both breeding lines were tested on the elevated plus-maze. For each new generation, two to three HAB and LAB breeding pairs, respectively, were selected from the rats showing the most anxious (HAB) or nonanxious (LAB) behavior. HAB animals showing low levels and LAB rats displaying high levels of anxiety-related behavior, as well as individuals showing no clear tendency toward either of these extremes, were excluded, not only from further breeding, but also from further behavioral testing. Data presented in this paper were obtained from the F5 and F6 generations after crossbreeding with rats from the Leipzig breeding lines selected for high or low performance in an active avoidance task (Hess et al. 1992 ). This crossing-in was carried out to reinforce anxiety-related behavior in the HAB and LAB lines, because the Leipzig rats also showed differences in freezing behavior indicative of anxiety (Hess et al.) . External disturbances and handling were reduced to a minimum.
Experimental Protocols
Experiment 1: Effects of Diazepam on Anxiety-Related and Stress-Coping Behavior. Eight to nine weeks after their initial plus-maze test, male rats from both lines weighing 506 Ϯ 10 g were injected intraperitoneally with either 1 mg/kg diazepam (Valium ® , injectable solution, Ratiopharm, Ulm, Germany) or vehicle (0.9% saline, containing 13% ethanol) in an average volume of 0.2 ml, 30 min prior to a 5-min plus-maze test (6 rats per group). On the following 2 days, the respective injections were repeated, and the animals were submitted to a forced swim test (15 min on day 1 and 5 min on day 2) starting 30 min after the injection.
Experiment 2: Effect of Stress on Body Temperature, Home Cage Locomotor Activity and Food and Water Intake. Under halothane anaesthesia and sterile conditions, a battery-powered transmitter for continuous radiotelemetric measurement of body temperature and locomotor activity (TA11CTA-F40 Data Sciences International, St. Paul, MN, USA) was implanted into the peritoneal cavity of six male rats from each line, each weighing 483 Ϯ 10 g, 5 to 6 weeks after their initial plusmaze test. After surgery, the animals were housed individually in plexiglass cages (25 ϫ 25 ϫ 35 cm) placed onto a biotelemetry antenna receiver (Data Sciences International). Food pellets could only be obtained by pressing a lever, which allowed continuous monitoring of food intake, with the water dispensers also being equipped with an electrical contact to monitor licking rate.
A computer-based automatic biotelemetry system (Data Sciences International) was used essentially as described by Schöbitz et al. (1995) . Every 2 min, body temperature was measured, and the cumulative locomotor activity score, food-lever pressing, and licking rate for the respective time interval were recorded. Recording started on the day of surgery and was continued for the following 12 days. The animals remained undisturbed for 7 days to allow them to recover from surgery and get accustomed to the telemetry cages. Basal parameters were assessed from postsurgery day 4 to day 7, because by then, the diurnal rhythms of all parameters had normalized and were stable. On day 8, starting at 9:30 A . M ., the rats were transferred singly from the telemetry cage to the behavioral laboratory, exposed for 5 min to the elevated plus-maze, and immediately afterward returned to the telemetry cages. On day 10 at the same time, the individual animals were transferred for 10 min to the home cage of an aggressive, dominant resident rat couple (social defeat), and then returned to the telemetry cages again.
The 2-min recordings were transformed into weighed mean values over 15-min intervals, from which 6-h means (for the analysis of circadian rhythms) and 45-min means (for the analysis of stress effects) were calculated. For baseline (nonstressed) values, group means were calculated from the individual means over days 4 to 7. For the analysis of stress effects on locomotor activity, 1-h cumulative scores were calculated directly from the 2-min recordings.
Experiment 3: Neuroendocrine Reactivity to Different Stressors. Four to five weeks after their initial plusmaze test, six male rats from each line, weighing 382 Ϯ 12 g, were implanted with chronic jugular vein catheters under halothane anaesthesia 5 days prior to the experiments. The jugular vein was exposed and a silastic tubing catheter (i.d. 0.025 inch, o.d. 0.047 inch, Dow Corning, USA), connected to PE-50 polyethylene tubing, was inserted into the vessel with the tip positioned at the right atrium. The catheter was passed subcutaneously, exteriorized dorsally in the cervical region and plugged by a steel insert. The ventral wound was closed with sterile surgery clips. The catheter was filled with sterile 0.9% saline containing gentamicin (30 KIU/ml; Centravet, Germany) and flushed with the same solution 3 days later. Following surgery, rats were housed individually and handled daily to familiarize them with the blood sampling procedure and to minimize nonspecific stress responses during the experiments.
On day 5 after surgery, ACTH and corticosterone secretory responses to a mild emotional stressor were assessed. At 8:00 A . M . the catheters were attached to an extension tubing connected to a 1-ml plastic syringe filled with sterile saline containing heparin (30 IU/ml, Heparin-Natrium, Ratiopharm, Ulm, Germany), and the rats were then left undisturbed for 90 min. At 9:30 A . M . and 10:00 A . M ., 0.2-ml blood samples, substituted immediately by sterile 0.9% saline, were drawn under basal resting conditions. Then the catheters were disconnected and plugged, and each rat was placed on the elevated plus-maze for 5 min before being returned to its home cage and the catheter being reattached to the syringe. Three more blood samples were taken 5, 30, and 60 min after return to the home cage. At the end of the experiment, the catheters were flushed with gentamycin solution and plugged.
On day 6, the same blood sampling procedure was repeated, except that rats were exposed to forced swimming (90 s) as an ethologically relevant combined physical and emotional stressor (Abel 1994) . The same water tanks as used for the forced swim test were filled up to a level of approximately 50 cm. Struggling, swimming, and floating time were monitored by an experimenter using a PC.
On day 7 after surgery, the procedure was again repeated. This time, instead of exposing them to an exogenous stressor, the rats were injected IV with 40 ng/kg b.w. rat/human CRH (Ferring, Germany) to assess pituitary reactivity to a defined stimulation with the main corticotropin secretagogue (Antoni 1986; Vale et al. 1981 ). Blood samples were drawn 10, 30, and 50 min after CRH infusion.
Behavioral Procedures
Elevated Plus-Maze. The plus-maze was made of dark gray PVC and consisted of a plus-shaped platform elevated 73 cm from the floor. Two of the opposing arms (50 ϫ 10 cm) were enclosed by 38 cm-high side and end walls (closed arms). The other two arms had no walls (open arms). All four arms were connected at the center by a 10 ϫ 10 cm square platform. The maze was lit by two white bulbs above the open arms and two red bulbs above the closed arms (mean light intensity over the whole maze: 100 lux). The apparatus was surrounded by an opaque curtain. The maze was thoroughly cleaned with water containing a detergent before exposing each rat. At the beginning of the test, each animal was placed onto the central area of the maze facing a closed arm. Behavior was monitored for 5 min by means of a video camera mounted above the platform and scored by a trained observer pressing preset keys on a PC. The following scores were taken: (1) number of entries into open and closed arms (an entry was counted when both forepaws were placed on the respective arm); (2) Forced Swim Test. In Experiment 1, rats from both lines that had been tested on the plus-maze 1 day before were subjected to the forced-swim procedure adapted from Porsolt et al. (1977) . On the 1st day of the test, each rat was forced to swim for 15 min in a cylindrical plexiglass tank (50-cm high and 30-cm diameter), filled with water (19 Њ C) up to a level of 25 cm. On the 2nd day, 24 hours later, the rat was re-exposed to the tank for 5 min. After each swimming session, the rat was gently dried with a towel and returned to its home cage, which was placed under a heating lamp until the rat's fur was completely dry. The water in the tanks was changed for each rat. The animal's behavior during the (first) 5 min of the swim test was scored by a trained observer pressing preset keys on a PC. The following measures were taken: (1) time spent struggling, defined as strongly moving all four limbs with the front paws breaking the water surface or scratching the tank wall; (2) time spent swimming, defined as moving all four limbs, swimming around in the tank or diving; (3) time spent floating, defined as remaining immobile with only occasional slight movements to keep the body balanced and the nose above water; and (4) latency until the first floating reaction. In Experiment 3, rats were forced to swim for 90 s in the tanks filled with water up to 50 cm. Social Defeat. Social defeat was used as a (predominantly emotional) stressor and anxiogenic stimulus. The procedure adapted with modifications from Miczek (1979) consisted of placing the rat into the home cage of a dominant male resident (and its female) that had been trained to be aggressive toward intruders. The intruder was attacked and subdued by the resident within the 1st minute of the encounter and continuously threatened and/or attacked during the following 10 min while it displayed submissive or defensive body postures. Defeat was considered successful if the intruder had been attacked and subdued at least once and had spent at least 6 min in a submissive/defensive body posture (e.g., lying on the back or defensive upright posture) or freezing.
Hormone Assays
All blood samples were collected in EDTA-coated tubes containing aprotinin (Trasylol ® , Bayer, Leverkusen, Germany) on ice and centrifuged at 4 Њ C (4,000 rpm, 5 min). 80 l (for ACTH assay) and 30 l (for corticosterone assay) plasma aliquots were stored at Ϫ 80 Њ C and Ϫ 20 Њ C, respectively. Plasma ACTH and corticosterone levels were measured using commercially available radioimmunoassay kits (ACTH: Biochem Immunosystems, Germany, sensitivity Ͻ 1.0 pg/ml; Corticosterone: DRGInstruments, Germany, sensitivity Ͻ 2.0 ng/ml) according to the respective protocols. The intra-and interassay coefficients of variation were 7 and 10%, respectively.
Statistics
Statistical analysis was performed using statistical software (GB-stat V6.0; Dynamic Microsystems, USA). Analysis of the behavioral parameters obtained in Experiment 1 was carried out using a two-way analysis of variance (ANOVA) (line ϫ treatment; plus-maze test) or a three-way ANOVA) (line ϫ treatment ϫ time) with repeated measures on the last factor (forced-swim test).
For the analysis of body temperature, locomotor activity, food and water intake, and their respective circadian rhythms (Experiment 2), data from 9 days of continuous biotelemetric recording were transformed into 6-h mean values and subjected to two-way ANOVAs (line ϫ time) for repeated measures. For the analysis of body temperature changes in response to stress, 45-min mean values were calculated and subjected to a threeway ANOVA (line ϫ stress ϫ time) with repeated measures on the last two factors. Locomotor activity after stress exposure was analysed from 1-h cumulative scores subjected to a two-way ANOVA for repeated measures.
Plasma ACTH and corticosterone levels (Experiment 3) were compared using a two-way ANOVA for repeated measures (line ϫ time intervals). For comparison of total amount of hormone release, the area under the curve (AUC) was calculated using trapezoidal integration. Additionally, delta values (maximum poststress minus baseline levels) were calculated. AUC and delta values for each stress condition were compared using the Mann-Whitney U-test. Where appropriate, the ANOVAs were followed by Fisher's LSD protected t -test. Probability ( p Ͻ .05) was considered statistically significant. Data are presented as group means Ϯ SEM, if not indicated otherwise.
RESULTS
Experiment 1
Elevated Plus-Maze. A two-way ANOVA (line ϫ treatment) on the main plus-maze parameters confirmed that HAB rats displayed a lower percentage of entries into ( .12, p ϭ .022). Nevertheless, a significant treatment effect was found only in the latency to the first floating reaction (F 1,20 ϭ 12.23, p ϭ .002), and for the time spent struggling, an interaction between factors line and treatment was detected (F 1,24 ϭ 6.36, p ϭ .020). Significant differences in each particular parameter as revealed by post-hoc comparison are indicated in Figure 2 . Independent of drug treatment, HAB rats struggled less and floated more than LAB animals on the first testing day (p Ͻ .01). On the second day, the LAB rats changed their behavior to a pattern similar to that displayed by the HAB animals on both days. Compared to vehicle treatment, diazepam had no effect on the behavior of the HAB rats on the first day; whereas, it increased struggling time but decreased latency to floating on the second day (p Ͻ .01). In contrast, diazepam-treated LAB rats struggled less and started floating earlier than their vehicle-treated controls on the first day of the test (p Ͻ .01) but were unaffected on the second day (Figure 2 ).
Experiment 2
Because of abnormally low body temperature, weight loss, and signs of sickness behavior, one LAB animal was excluded from the statistical analysis.
Body Temperature. No differences between HAB and LAB rats were found in body temperature on the baseline days preceding the stress tests or on the days following the stress tests, as shown in Figure 3A . Except for the lower starting temperature in the HAB rats on day 4, baseline day and night peak values, trough values and delta-to-peak values (assessed from 30-min means) also showed no differences between the lines. A significant line ϫ time interaction (F 8,98 ϭ 2.31, p ϭ .029) was detected for the amplitudes of the circadian rhythm (nighttime peak minus daytime trough). Mainly attributable to an increase in daytime body temperature, this amplitude was significantly reduced, as compared to baseline and poststress values in both lines on the day of social defeat stress (p Ͻ .01) but after plus-maze exposure, the decrease reached significance only in the HAB rats (p Ͻ .05). Interestingly, the temperature amplitudes did not differ between the baseline days, day 9 (between stress exposures), and the 2 poststress days in either line, indicating that there was no long-term effect of the two stressors on the diurnal rhythm in body temperature.
Analysis of four consecutive 45-min mean values following stress exposure compared to baseline values of the respective time of day (group means over days 4-7) revealed no significant line effect (p ϭ .35), but a significant influence of factor stress (F 2,18 ϭ 35.62, p Ͻ .001) and factor time (F 3,27 ϭ 13.55, p Ͻ .001), as well as an interaction between all three factors (F 6,131 ϭ 2.86, p ϭ .017). Results of the post-hoc analysis are indicated in Figure 4 . During all four time intervals, poststress scores were significantly higher than the baseline values, which did not differ between the lines. Therefore, Figure 4 shows the temperature increases from the respective baseline means. Following a 5-min exposure to the elevated plus-maze, the body temperature of LAB rats showed a significantly greater increase than that of HAB rats during the first 45 min after return to the home cage (p Ͻ .01). However, this difference was reversed during the following two 45-min intervals (p Ͻ .05) as the temperature of the LAB rats decreased rapidly; whereas, it stayed elevated in the HAB rats. During the first 45-min interval after a 10-min social defeat experience, body temperature rose significantly higher than after plus-maze exposure in both lines (p Ͻ .05). Again, the increase was much more pronounced in the LAB animals (p Ͻ .01), but the reversal effect during the following time intervals failed to reach statistical significance.
Locomotor Activity. Although the LAB rats seemed to be more active, especially during the night, no significant line difference in activity was detected on the days after stress exposure, as shown in Figure 3B . When the 4 days preceding the stress tests were analyzed separately, no significant line effect was found either (p ϭ .059), but an interaction between factors line and time (F 15,175 ϭ 1.89, p ϭ .029) was. This was attributed to the higher activity of the LAB rats solely during the nights of days 4 and 6 ( Figure 3B ). However, no differences between HAB and LAB rats were found in the amplitudes of the circadian rhythm (nighttime maximum minus daytime minimum), although plus-maze exposure and Figure 2 . Behavioral parameters of HAB and LAB rats in the forced-swim test 30 min after intraperitoneal injection of 1 mg/kg diazepam (DIA) or vehicle (n ϭ 6 per group). Time (means) spent struggling, swimming, and floating during the (first) 5 min of both testing days. The latency until the first floating reaction (mean ϩ SEM) for each day is depicted in the right-hand panels. Within each parameter and day, groups labeled with different letters differ significantly (p Ͻ .05; Fisher's LSD test). ϩp Ͻ .05 and ϩϩp Ͻ .01 vs. the same parameter on day 1. social defeat evidently reduced subsequent nighttime activity in both lines ( Figure 3B ). Acute changes in locomotor activity following stress exposure were analyzed from 1-h cumulative scores ( Figure 5 ). In contrast to the line difference in body temperature change, LAB rats displayed higher activity scores than HAB animals during the first 4 h after plus-maze exposure (F 1,9 ϭ 5.14, p ϭ .049 (factor line); F 3,43 ϭ 0.72, p ϭ .55 (line ϫ time)), and a trend toward higher activity was still evident until 10 h after this mild stress (p ϭ .055; Figure 5A ). Social defeat strongly increased locomotion in the LAB, but not the HAB rats (F 1,9 ϭ 9.87, p ϭ .012 [factor line]; F 3,43 ϭ 10.55, p Ͻ .001 [line ϫ time]), but only within the first hour after return to the home cage (p Ͻ .01; Figure 5B ). Figure 3C , rats from the HAB and LAB line did not show significant differences in lever pressing for food pellets either on the baseline days preceding the stress tests, on the days of stress exposure, or on the days following the stress tests, although stress exposure seemed to depress eating during the night in the HAB rats ( Figure 3C ). Correspondingly, body weight gain over the whole experimental period was slightly but not significantly lower in HAB than in LAB rats (p ϭ .079, data not shown).
Food Intake. As depicted in
Water Intake. No line difference was found in the number of licks on the water dispensers on the baseline days preceding the stress tests or on the days following the stress tests. On the day of plus-maze exposure (day 8), there was a trend toward a line difference (F 1,9 ϭ 4.71, p ϭ .058), with an increased licking rate in the LAB rats during the light period and a decreased licking activity in the HAB rats during the dark period. On the day of social defeat stress (day 10), a trend toward an interaction between factors line and time (F 3,27 ϭ 2.63, p ϭ .071) indicated increased licking in the LAB rats, but only during the light period ( Figure 3D ). 
Experiment 3
Basal A.M. plasma levels of ACTH and corticosterone were not different between the HAB and LAB line on all 3 experimental days. All three stressors (plus-maze, forced swimming, CRH injection) induced a significant increase in both ACTH and corticosterone concentrations (p Ͻ .001; Table 1 ). However, no significant line differences were detected under either of the stress conditions for ACTH and corticosterone levels. AUC and delta-to-peak values for ACTH and corticosterone were also not significantly different between the lines on all three days (Table 1) . It was only on the day of plusmaze exposure that a trend-interaction between factors line and time (F 4,59 ϭ 2.27, p ϭ .078) indicated that the HAB rats tended toward an increased ACTH secretion in response to this mild, predominantly emotional stressor ( Figure 6 ). It seems noteworthy, however, that there was one individual showing almost no increase in ACTH in response to plus-maze exposure ("nonresponder") in each group. When these two individuals were excluded from the analysis, the line-time interaction became significant (F 4,49 ϭ 3.04, p ϭ .031), and the increase in ACTH secretion 5 min after plus-maze stress was significantly higher in HAB rats than in LAB animals (p Ͻ .05). Although-corresponding to their first test at the age of 10 weeks-there was a marked difference in the behavioral performance on the plus-maze, with the HAB rats making fewer entries into (p Ͻ .05) and spending less time (p Ͻ .01) on the open arms of the maze than the LAB rats (data not shown), no significant correlation between ACTH increase (delta-to-peak) and percentage of time spent on the open arms was detected.
On the second experimental day (forced swimming), despite the fact that HAB rats spent less time struggling (p Ͻ .05) and tended to spend more time floating (p ϭ .07) than the LAB animals (data not shown), the amount of ACTH and corticosterone secretion was similar in Figure 4 . Changes in body temperature of male HAB (n ϭ 6) and LAB (n ϭ 5) rats during four consecutive 45-min intervals after exposure to the elevated plus-maze (pm; filled bars) or to a social defeat paradigm (sd; hatched bars). For each time interval, the respective group means from the previous, stress-free days (baseline values) were subtracted from the absolute values. **p Ͻ .01 and *p Ͻ .05 vs. LAB under the same stress condition; ᭺ p Ͻ .05 vs. plus-maze stress in the same line (Fisher's LSD test).
both groups ( Table 1 ), indicating that the experience of stress was independent of the behavioral performance in this situation.
Despite the lack of significant differences in ACTH and corticosterone levels following IV CRH injection on experimental day 3 in both groups, indicating a similar reactivity of the anterior pituitary corticotrope cells in the two lines, this was the only condition where HAB rats tended toward lower ACTH and corticosterone levels than LAB rats (Table 1) .
DISCUSSION
The HAB and LAB rat lines, differing markedly in their inborn anxiety-related and stress-coping behavior ), may provide a promising tool for investigating the relationship between anxiety, stress coping, physiological, and neuroendocrine stress responses, and their underlying mechanisms. This study was designed to characterize further the HAB and LAB lines concerning their susceptibility to anxiolytic treatment and alterations in physiological and neuroendocrine parameters in response to environmental challenges.
The results demonstrate that, although an anxiolytic effect of diazepam was evident in both lines, the HAB rats were more sensitive to the anxiolytic effect, because diazepam treatment increased their open-arm exploration in the plus-maze to a much greater extent than that of the LAB rats. This kind of differential reactivity to diazepam has also been observed by others in inbred rat strains differing in anxiety-related behavior (Commissaris et al. 1990; Ramos et al. 1997) . Although further experiments are needed to examine the differential reactivity to anxiolytics in the HAB and LAB rats in more detail (for example, by determining the anxiolytic threshold dose in both lines) the present findings support the notion that the efficacy of pharmacological manipulation of anxiety-related behavior depends upon the basal level of anxiety (Fernandez-Teruel et al. 1991; Gendron and Brush 1996; Ramos et al. 1997; Rodgers et al. 1997 ) and may provide an explanation for the frequent failures of clinically effective anxiolytics when screening tests are performed on normal animals (Handley et al. 1993; Rodgers et al. 1997; Stephens and Andrews 1991) . Differences in central benzodiazepine/ GABA-A receptors, through which diazepam exerts its action, have been demonstrated in anxious and nonanxious rats and mice (Chapouthier et al. 1991; Clément et al. 1997; Robertson et al. 1978) . Interestingly, even under the influence of diazepam at the dose of 1 mg/kg, HAB rats did not spend as much time exploring the open arms as vehicle-treated LAB rats (Figure 1) . This underlines the extreme difference between the two lines and provides further validation of the HAB and LAB lines as a model for studying the mechanisms underlying the regulation of anxiety-related behavior.
The high versus low levels of emotionality in the HAB and LAB rats, respectively, have been demonstrated to correlate with passive versus active coping behavior in a forced-swim test , in agreement with the performance of other rat lines and strains differing in emotionality (Abel 1991; Armario et al. 1995; Bohus et al. 1987; Lahmame et al. 1997; Overstreet et al. 1992; Paré 1992; Steimer et al. 1997 ) and in line with the concept of the "searching-waiting strategy" proposed by Thierry et al. (1984) . On the other hand, there are reports on other strains and lines where this kind of correlation has not been found (Viglinskaya et al. 1995; Zhukov and Vinogradova 1994) , and we should always keep in mind that in some strains and lines, there is even a lack of correlation between the behavioral performance in different tests of emotionality (Chaouloff et al. 1994; Overstreet et al. 1996; Ramos et al. 1997; Zhukov and Vinogradova 1994) . In the present experiment, the same differential behavioral patterns in the forced-swim test as seen in our previous study were observed in HAB and LAB rats regardless of drug treatment; namely, higher immobility scores, less struggling, and a shorter latency to floating in HAB rats (Figure 2 ). The only effect of diazepam on LAB rats was a reduction of struggling time and latency to first floating on the first day of the swim test, as compared to vehicle controls, possibly reflecting a slightly relaxing, if not sedative, effect of diazepam. Nevertheless, even in diazepam-treated LAB rats, struggling time was still longer and floating time shorter than in HAB rats that were completely unaffected by diazepam during the first exposure. Again consistent with previous findings in naive LAB rats (Liebsch et al.) , animals from this line changed their behavior to a more passive pattern on day 2; that is to one similar to that of the HAB rats on both days (Figure 2) . The increase in struggling time in diazepam-treated HAB rats on the second day of the test as compared to vehicle controls is the only effect that could be interpreted as counteracting passive behavior. It has to be emphasized, however, that the time spent floating (immobility), which is taken as the main indicator of coping behavior in most studies, was completely unaffected by diazepam treatment in either group on both days, a result that is in good agreement with previous findings (Martí and Armario 1993; Porsolt et al. 1977) . Thus, at the same dosage that induced a clear anxiolytic effect in the elevated plus-maze test in the HAB and LAB rats, diazepam did not affect the overall pattern of coping behavior in the forced-swim test, suggesting either that the dosage was not high enough to overcome the certainly stronger stressor of forced swimming, or that plus-maze anxiety and coping strategy in the forcedswim test are regulated independently by means of different mechanisms. Evidence for the latter hypothesis also comes from findings in the Roman rat lines (Steimer et al. 1997) .
Another finding for the characterization of our breeding lines that might, in part, indicate a possible contri- bution of the sympathetic nervous system to the line differences was provided by biotelemetrical recording over several days. No over-all difference between HAB and LAB rats was found in body temperature, locomotor activity, food and water intake, and their respective circadian rhythms (Figure 3) , indicating that the profound line differences in anxiety-related and stresscoping behavior are not accompanied by (or even at- tributable to) differences in basic physiological parameters. This finding indicates that rats from the LAB line, which have been shown to display a higher activity than HAB rats in an open field , do not differ generally in their spontaneous home cage locomotor activity. This is in line with findings in the THE/TLE strains (Fujita et al. 1994 ) and in Roman highand low-avoidance rats that also display differential activity in an open field (Gentsch et al. 1981 ), but only a trend toward higher nighttime activity in high avoidance rats when measured telemetrically in the home cage (Meerlo et al. 1997) . It also supports the concept of "reactive" versus "spontaneous" locomotor activity (Courvoisier et al. 1996; Gentsch et al. 1991) . Interestingly, and in contrast to other studies that have demonstrated long-term changes in the amplitude of the circadian rhythm in body temperature, activity, and food intake following a 1-h social defeat (Meerlo et al. 1996 (Meerlo et al. , 1997 or in activity and water intake after electric tailshock (Scott et al. 1996) , the amplitude of the diurnal rhythm of all parameters measured in the present experiment had already returned to baseline values on the day following social defeat ( Figure 3 ). However, increased daytime body temperature ( Figure 3A ) and decreased nighttime locomotor activity ( Figure 3B ), as reported in the above-mentioned studies (Meerlo et al. 1996; , were found on the actual days of exposure to social defeat and, to a lesser extent, after plus-maze exposure. Possibly, the impact of a 10-min defeat experience (and even less, a plus-maze exposure) is not stressful enough to induce long-lasting changes in physiological rhythms. Whereas no line differences in stress-induced alterations in diurnal body temperature and activity rhythms were found, HAB and LAB rats differed in acute, shortterm changes in both parameters in response to mild (plus-maze) and more severe (social defeat) emotional stress. Following plus-maze exposure, locomotor activity scores during the first 4 h post stress were higher in LAB than in HAB rats ( Figure 5 ), contrary to the changes in body temperature that, after an initial rise during the first 45 min poststress, decreased again in LAB rats but remained elevated for almost 3 h after stress in HAB animals, despite lower activity during this time (Figures 4 and 5A ). This finding confirms evidence that changes in body temperature and locomotor activity following stress exposure are not necessarily directly linked but may be caused by differences in (emotional) appraisal of the stress situation (Meerlo et al. 1996) . The marked behavioral differences between HAB and LAB rats on the plus-maze clearly confirm this notion, but in the social defeat paradigm, no differences in behavioral reactions of HAB and LAB rats to the attacks of the residents were observed. However, the intensity of aggression displayed by the residents probably did not leave much room for variations in behavioral reactivity, possibly suggesting some kind of "ceiling effect" in response to this stressor.
After a preliminary experiment on a small number of animals from the F4 generation, indicating similar basal but higher stress-induced ACTH and corticosterone plasma levels in HAB rats as compared to LAB animals (unpublished data), we had to accept that, in the F6 generation, this difference in ACTH response to stress exposure failed to reach statistical significance. However, as seen in Figure 6 , there is a trend toward higher HPA activity to mild emotional stress (plus-maze exposure) in HAB as compared to LAB rats. Hence, selection for high levels of plus-maze anxiety might not necessarily co-select neuroendocrine reactivity, because no correlation was found between behavioral measures of anxiety in the plus-maze test and the increase in ACTH and corticosterone concentrations in both lines. Although exposure to the elevated plus-maze stimulates the HPA axis (File et al. 1994; Neumann et al. 1998) , anxiety-related behavior on the plus-maze has also been demonstrated to be independent of an HPA axis activation (Pich et al. 1993) . A dissociation between emotionality and HPA reactivity similar to the present results has also been found in the Syracuse (Brush 1991) and Maudsley (Abel 1991) rats, suggesting that endocrine correlates may not be tightly linked to the respective emotionality genotype. On the other hand, clear associations between behavioral and neuroendocrine stress reactivity have been demonstrated in the Roman high-and low-avoidance rats, but these rats have also been shown to differ in basal HPA activity and pituitary sensitivity to CRH (Walker et al. 1989; , which is not the case in the HAB and LAB lines (see Table 1 ). Interestingly, as indicated by the SEM values in Figure 6 , there were some individuals in the HAB group showing extremely high ACTH levels after plusmaze exposure, and some responded only with a small increase; whereas, the rats within the LAB group displayed a more homogenous response pattern. Thus, HAB rats could possibly be split into two different types of responders in terms of HPA activation, similar to the paradoxically "stress nonresponsive" subgroups found in rats subjected to chronic social stress (Albeck et al. 1997; Blanchard et al. 1995) , but further studies are clearly needed to test this assumption. In this context, it is of interest to note that psychiatric patients suffering from anxiety/depression show a varying responsiveness of their HPA axis to stimulation (Platt et al. 1994; Kim et al. 1995) .
The fact that the corticosterone response to plusmaze exposure was less dissimilar in HAB and LAB rats than the ACTH secretion, in concert with a similar adenohypophysial responsiveness to CRH (Table 1) and similar adrenal weights (data not shown), may indicate a more pronounced contribution of the sympathoadrenal system in LAB rats, consistent with the general view that animals with active behavioral strategies are more sympathetically dominated (Bohus et al. 1987; Johnson et al. 1992) . Following exposure to a more severe stressor (forced swimming), the difference in ACTH and corticosterone increase was less evident than after plusmaze testing (Table 1) , again suggesting a "ceiling effect" and consistent with differential HPA reactivity to mild (novel environment), but not to more severe (immobilization, footshock) stressors in the Roman rats (Gentsch et al. 1988; Walker et al. 1989) .
In summary, the results of the present study add some important findings to the characterization of the HAB and LAB rats. Differential sensitivity of anxietyrelated behavior, but not coping strategy, to anxiolytic treatment, as well as the absence of general differences in physiological parameters underline the selectivity of the breeding process. Throughout all the experiments, line differences seem to be most pronounced under conditions of mild emotional stress-the selection criterion. As far as the results obtained so far indicate, our lines fit well into the general picture that emerges from the literature on selective breeding projects. It seems that such selection has mostly resulted in common characteristics that differentiate the lines/strains in emotionality or emotional reactivity and general coping style, with high levels in the former associated with rather passive strategies in the latter (Bohus et al. 1987; Brush 1991; Castanon and Mormède 1994; Cools et al. 1993; Gentsch et al. 1988; Steimer et al. 1997; Walker et al. 1992) . The endocrine data, on the other hand, are sometimes contradictory (Abel 1991; Brush 1991; Courvoisier et al. 1996) , indicating that the activity of the HPA system is not necessarily tightly linked to the type of behavioral reactivity in stressful situations.
